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My background:

« 6 yearsexperiencein bioinformatics

e Ph.D. in Computer Science from Univ. of Utah
0 Worked on data transfor mation with the Utah Center
for Human Genome Resear ch

e LLNL
0 Working on the data integration with the Biology and
Biotechnology program

Focus on applying computer scienceresearch to
bioinfor matics.
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Goalsfor theclass:
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Outline the effects of design decisionson
application scalability.
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| dentify some of the tools, techniques, and resour ces
available.
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Stimulate discussion about what constitutes a good
bioinfor matics design.
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« Define scalability } —
ISCUSSION
o General approaches

o Hardwar e scalability issues DiscUSSion &
o Softwar e scalability issues Hands-on
« Data exchange

« Wrap-up
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General format of class

o L ecture component
o General discussions

« Hands-on
[ Ask questions! }

We will spend time on those ar eas of most interest to you.

A lack of questionswill lead to a much less
interesting class.
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What is a bioinfor matics system, ar chitecture
or infrastructure?

The collection of hardwar e and softwar e used to
support genomics resear ch.

e PC/Mac o User interfaces

o Network e LIMS

e Robaotics « Databases

o Servers o Analysisprograms
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What is Scalability?

e e — |

What doesit mean for a system to be scalable?

e Merriam-Webster:
0 “Capable of being scaled” -up where scaled-up is
0 Anincrease accordingto afixed ratio

e A better working definition:
0 A system capable of growing to meet future demands

o A practical definition:
0 A system in which fixing bottlenecksis easy

[ Scalable systems are not perfect - just fixable. ]




Why do we need scalable systems?

« Weareunableto accurately forecast wherethe
system will not meet demand.
0 Technology pushes applicationsin directionsthat were
thought impossible just a year or two ago.
« Biology changestoo fast for usto keep up using
traditional approaches.

“Biology evolvesfaster than computer science or
technology, which isa scary truth indeed.”
Tom Slezak
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Contributing factors:

o Usersalwayswant increased functionality. Now.
0 Deadlines can limit solutions.
0 Asunplanned functionality isadded, system complexity
grows.

o Terminology isnot consistent.
0 CS people and biologists/geneticists have trouble
communicating needs.
0 Biologists from different fields use the samewordsin
different ways.
0 New technology spawns new ter minology.
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Why isthisan issue?

« Prototype systems are often thrust into use without
being “hardened”.

o Simplifying assumptionsin the prototype limit the
ability to handlereal work-loads.

« Non-scalable systems become bottlenecksfor the
entire ar chitecture.

ose

Discussion:

What assumptions would you make
designing an application for a single
user torun on their desktop?

ose




Some common assumptions;

o Hardware probably a Mac or PC.

« Only oneinstance of the application running.

« Application and interface on the same computer.
« Certain softwareisavailable.

« Consistent use of ter minology.

« Dataisstored locally.

o Full control over available resour ces.
0 Memory, disk space, ....
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How do those assumptions limit scalability:

« What would need to changeif:
0 Your entirelab wanted to useit?
0 The entire company/university wanted to useit?
0 It wasto bedistributed to collaborator s outside of your
institution?
0 It wasreleased over the Internet?

Thisisnot an atypical progression for
bioinfor matics software.
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General Approachesto Scalability

Components of a bioinfor matics

infrastructure:
Hardwar e Softwar e
o Network o User

o Specialty components
0 Robotics
0 Custom chips

o« Computer
o CPU
0 Memory
0 Disk
0 Operating system
_Qase

« Applications
0 Analysis programs
O Interface programs

o Data
O Entry
0 Storage for mat
O Access




How do you design a scalable system?

Build a system that allows existing hardwar e and
softwar e componentsto be replaced, or new ones
added, without affecting other components.

o Upgrade Memory.

o Add new disks.

o Switch hardware platforms.

o Upgrade software.

o Add new applications/ interfaces.
« Switch database vendors.
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What doesthis mean in practice?

e Modular design.
0 Limitsthe scope of an assumption
0 Allows componentsto be combined as needed

o Useof general purpose programming languages.
0 Provides hardwar e transparency
0 Do not use system specific features

o Usetheright level of abstraction
0 Too detailed will make softwar e too complex
0 Too abstract will not be able to solve the problem
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What doesthis mean in practice? (cont)

« Question assumptions asyou make decisions.
0 What will haveto change if you are to move beyond the
limits of that assumption.

o Paramaterize programs
0 Passin constantsinstead of hard-coding them

o Make extensive use of meta-data
0 Dataiseasier to changethan code
0 Generic code can bere-used in several places

ose U

Why take a modular approach?

To meet tight deadlines, you will need to
combine existing componentsin ways you
never expected, while working around
constraintsyou weretold could not happen but
somehow have,

{ Flexibility isthe key to achieving scalability. }

ose U

10



How do you remove bottlenecks?

« ldentify problem component.
0 Profiling

e Correct problem
0 upgrade/ rewrite component
0 redesign component ar chitecture
0 redesign system architecture

o Repeat

[Correcting one bottleneck only allows you to identify the next.]

e e — |

Har dwar e Scalability

e e — |
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There aretwo major hardware componentsin
a bioinfor maticsinfrastructure.

o Network
0 Appletalk / Novell / Ethernet / ....
0 Bus/tokenring/star /....

o Computer / Operating systems
0o Mac/PC / workstation / server
0 MacOS/Windows/NT /UNIX /linux

e Special purpose hardware
0 Blast accelerators (Time logic, Compugen)
O Super-computers
0 Robotics

_Case”

Discussion:

What computer and operating
system choices would you make?

_Case”
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Networ k recommendations:

o Ethernet (tcp/ip)
0 Allows connection to rest of theworld
0 Common standard, so advancesin technology will
benefit you
0 Star or busconfiguration (ring too slow)

e Norestrictionson architecture

o Multiplevendors

« Easy to add machines (sub-nets)

« Fast and getting faster (1Gb Ethernet coming)
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Server recommendations:;

e SUN/HP/SGI server running UNIX

0 Multi-processor machine (if possible)

0 1 GB main memory min
0 100GB disk space min

« Double minimum requirementsif Speed.

0 Asmuch cache as possible } Emphasize

these over
processor

server both web and application server

o All components easily extended

o Multiprocessor allowslarge granularity parallelism
o UNIX designed for multithreaded, multi-user env.

ose
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Desktop recommendations:

e IBM compatiblerunning NT
0 128 MB ram min
0 9GB disk min

o More software available
e Morerobust than typical windows
o Easier to upgrade componentsthan Mac

The most important thingisto have a consistent
environment if at all possible.

|

ose
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Hands-On Exercise:

A Brief Introto Unix

ose
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UNI X uses a combined window / command-
lineinterface.

o Common commands

O

O0Ooood

[ |
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cd /home/critchlow - change directory

Is- list the contents of the directory

pwd - what isthe present working directory

rm file.dat - remove (delete) file.dat

mkdir / rmdir foo - make/ remove directory (folder) foo
man Is- list the manual (help) page for command Is
morefiledat - list file.dat to the current window

ps - shows all your running processes
kill 123 - stops process 123

Programs ar e executed from the command
line prompt.

e Common tools

OO od

O 0Ooo o

compressfile.dat - compactsfile.dat to conserve space
uncompressfile.dat.Z - uncompressesfile.dat.Z

tar -Bcf file.tar dir - createsfiletar (containsfilesin dir)
tar -Bxf filetar - extractsall filesfrom file.tar

perl - the perl inter preter
gce - the gnu C/C++ compiler
emacs - file editor

ftp - filetransfer program

{ http://wks.uts.ohio-state.edu/unix_cour sefintro-1.html J

_ose

L
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UNI X allows multiple programsto run
concurrently (multitasking).

o By default commandsrun in the*foreground”
0 At most one program per window
0 Multiple windows may be open at the sametime
e Placing“&” after acommand runsit in the

background
o Allowsother commandsto be executed from the same
window whileit runs.
0 Processing continues even if window is closed.

o C-c stopsa program

e C-zsuspendsa program
0 fg- bring processinto foreground (resume)

ose

UNI X uses common file extensionsto imply
filetype (like windows).

e .Z - compressed (zipped) file

e .0z - gnu compressed (zipped) file
o .tar - tarred file

o .pl - perlfile

e .Cc -Cfile

e .Cor .cc-C+tfile

ose
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Emacsis a power ful text editor.

e Basic commands:

0 C-x C-f-open afile

0 C-x C-s-saveafile

0 C-x C-c- close editor

o C-s - search for word

o C-d - delete character at cursor

o C-v - move forward one screen

0o M-v - movebackwards one screen

o Availablefor multiple platforms
o Almost all UNIX flavors, windows

[ WWW.gnu.org

_ase”

Discussion:

Questions about hardwar e issues?

_Case”
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Section:

Softwar e Scalability

_Case”

Therearethreemajor considerationsin a
bioinfor matics softwar e infrastructur e?

o Data management
0 Human / program / external data sources
0 Flat-files/ Excel / Word
0 Relational / object-relational / object-oriented database

o Applications
0 Data processing
0 User interfaces

o User

_Case”
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Discussion:

Where does your data come from and
wheredoesit go?

e e — |

Use arelational databaseto drive your
applications!

e Sybase e Informix
e Oracle « DB2
Note: Excel, Word, MySQL, and flat-filesare
NOT on thelist.
« Databases provide:
0 Consistency 0 Reliability
0 Query capabilities 0 Parallel processing
0 Flexibility 0 Scalability

[ Do not confusethe database with the user interface. ]

O e —— |
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Using a database effectively requires
experience.

« Database configuration
0 Thenumber / size/ location of partitions deter mines
how much data you can have and how effectively it can
be accessed

o Schema
0 Data layout determines how complicated queriesare

e Indices
0 Proper indicesensurefast dataretrieval.

[ http://www.compapp.dcu.ie/databases/wel come.html ]
_Qase ;ju

Developing scalable softwar e

e e — |
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Scalable application development requires
programming for flexibility.

Every decison made during development affects
scalability.

« Programming language o Dataflow
o User interface « Application architecture

o Component granularity e Buy vs. freewarevs. build

[ These decisions are closely related. ]

ose
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To select a programming language consider :

« How fast the application needsto run.
0 Compiled languages (C/C++) are generally faster than
interpreted (Perl / Java)

o How long development can take.
0 Perl promotesrapid prototyping, C++ does not
o How portable the code needsto be.
0 Visual basicisonly available on Windows
0 Most common languages (C/C++/Java/Perl) exist on all
platforms

« How often the code will change.
0 Isspeed moreimportant than flexibility?

ose
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To determine data flow consider:

o Where each application getsitsdata.
0 Automatically generated / human entry

o Wherethe output needsto go.
0 Database/ user / display / another program

o Thedesired input and output for mats.
0 Output of one program needsto match input of next

e Theopportunity to parallelize data flow.
0 Largescaleparallelism iseasy and often very effective

ose
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To choose an application interface consider:

« Command lineinterfaces.
0 Not very intuitive
o Powerful
0 Can bebatched

e GUI's.
0 Intuitiveto users
0 Slow (particularly for experienced users)
0 Often machine specific

» Web based interfaces.
0 Good way to reach distributed user group
0 Platform independent (theoretically, but not always)
0 Even slower

ose

L
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To select an application ar chitecture consider .

e Thetype of client and server machines available.
0 A large compute engine would favor a thin client for a
small user base, but could become over burdened
0 If everyone has a Pentium-700, then athick client or a
stand-alone application on the desktop might be best

o Theamount of data that needsto be moved.
0 Data intensive applications should be run on the same
machinethe datais stored on

e Thelocation of your users.

0 Distributed user-base implies a web-based ar chitecture

ose

L

To determine component granularity
consider:

o Thesmallest self-contained, useful functionality.
0 Should probably be represented as individual modules

e Thecost of moving data between components.
o If thisis high combining modules may be warranted

o What functionality islikely to bereplaced together.
0 Outdated code and bottlenecks will need to be replaced

over time, so should form their own modules

o Potential gainsfrom parallelizing the code.
0 Tasksneed to be of a certain size before it makes sense
to parallelize code

ose
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To decide on buy vs. freewarevs. build
consider:

« If buying locksyou in to a specific product.
0 If your architectureisflexible enough it shouldn’t.
0 Isthe cost (including support) reasonable ?

o If thefreeproduct isworth it.
0 Can you perform your own maintenance?
0 Doesit fit into therest of your architecture?
0 What assumptionsarebuilt in toit?

« If you havetheresourcesto build it.
0 Can you meet therequired deadlines?
0 Can you perform all of your own maintenance?

_Case”

Discussion:

What environment areyou in?

_Case”
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My recommendations:

e Oracle
0 OR technology may be useful in thelong term

e Thin clients
0 Generally more scalable
« Java- for interfaces
o C++ -for timecritical / heavy processing programs

o Perl -for everything else
o Usefree stuff whenever you can

0 Avoid high cost programs, but don’t re-invent the wheel
0 High-quality codeisavailable for some applications

ose U

My recommendations:

o Web-based approachesarethe current rage
0 Significant server hardware requirements
0 “Writeonce, run anywhere” programsdon’t
0 Impossibleto address all needs this way

a N

Thereisnoright answer.

You need to look at the problem you aretryingto
solve within the context of your current environment
_ and wher e you want to go. )

_ose U
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Hands-On Exercise:

Using the Web

_Case”

There are many sear ch engines on the web:

e Yahoo
0 http://www.yahoo.com/

o Alta-Vista
0 http://lwww.altavista.com/

o Excite
0 http://lwww.excite.com/

Effectively using search enginesiscritical to
getting the most from the web.

_Case”
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Thereisalot of documentation available:

Useyour favorite search engineto

o Find information about Perl 5.
0 What does Per| stand for ?
0 What isthe comment character in perl?
0 http://www.per Ir efer ence.com/
0 http://lwww-tecc.stanfor d.edu/cgi-bin/perl-man

e Find the GNU Emacs users manual.
0 How do you create a new filein emacs?
0 http://www.gnu.or g/manual/emacs-
20.3/html_mono/emacs.html

ose

Thereare alot of useful tools available:

e RasMoal
O Protein structure viewer

« Blast
0 Local client and local database creation tools
0 Output parsers
o Special-purpose modules
0 bioperl - collection of Perl modules
0 biojava - collection of Java modules
0 biopython - collection of Python modules

http://biocenter .helsinki.fi/bi/rnd/biocomp/

—

_ose
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Many institutions distribute their data over
the web:

o Find the home pagesfor
0 dbEST
0 PDB
0 SWISS-PROT

« Find the NCBI blast home page
0 http://www.ncbi.nlm.nih.gov/BLAST/

_Case”

Discussion:

What sour ces do you use?

_Case”
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Answering some questionsis still not easy.

« Given the sequence contained in file seg-1.dat find

0 Thefunction of theresulting protein

0 Theprotein’s secondary structure

0 Theprotein’sstructural classification

0 If theresulting protien was engineered or came from an
organism(s)

ose

Consistency isa problem

« Notice what happenswhen blasting that sequence
against Swiss-Prot or PDB

0 Against PDB, you get 1DUZ which was engineered

0 Against SP, you get P01892 which pointsto several,
including IHL A which isfrom Human (notice that
1DUZ isnot even listed)

While similar, there are differences between
these chains. Can you tell, wherethe sequence
came from originally?

ose
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How do web-inter faces wor k?

o Start pageisusually written in html.
0 May beaugmented with Java or Java-script
e Submitting query transfers data to the server.
0 Theremay be hidden data on a page
e Sever processes data.
0 CGI scriptsarethe most common way of doing this

0 Servlets are becoming more common
0 May connect to database, other programs, etc.

e Program returnsnew html page.
0 Usually, these pages are dynamically generated from a

template based on query results

ose

L

What isCGI?

e Thecommon gateway interface.
0 Protocol for transferring data over the inter net
0 Used primarily in web pages and http connections

o Dataispassed asastring.
0 Parameter name-value pairs are passed

0 Limit on size of total string
0 Most languages have a parser module/ classto convert

to an internal representation
e Perl isthe most common programming language

for CGI scripts.
0 Usually small enough that speed isnot critical

ose
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Discussion:

Areweb interfaces scalable?

ose

Aspectsto consider:

o Web server isdoing most of the query processing.

o Asking a new question requires defining a new
inter face and support scripts.

« Interface designed for human interaction.
0 With somedifficulty, programs can be madeto call CGI
scriptsdirectly.

ose
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Hands-On Exercise:

Beginning Perl

_Case”

Letslook at a simple Perl program.

o Copy blast-1.pl to your directory
e Bring up Emacs

e Open thefile
0 Thisprogram callsblast passing in a single sequence
0 Theresultsarejust printed to the screen

e Run the program from the command line

_Case”
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Discussion:

How would you makethis program
mor e useful ?

ose

Some suggestions:

» Read sequence from file.

« Beableto handle multiple sequences.

» Select database on command line.

« Handle both protein and DNA databases.
o Parsethe output into a different format.

e GUI interface ???
e
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Exchanging Data

e e — |

XML has become the data inter change for mat
of choice.

e Very smpleformat (similar to html).
<tag> data </tag>
<seg> AACCTGGGATTAAGG... </seg>

« Tags can be nested to form complex objects.

<gene>
<name>...</name>
<seg>...</seg>
</gene>

« An XML file has exactly onetop-level object.
g1 = U




Why is XML useful?

« XML makes passing data easy.
0 Between programs
0 Between languages
O Between computers

o Format of objects can bedescribed in “DTD”s.
0 Allowsidentification of poorly formatted data

« XML parsersarefredy available from the web.

0 Validating parsers compare data to a given schema
0 Non-validating parsersjust look for correct syntax

_Case”

Discussion:

What are some problemswith XML?

_Case”
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Some suggestions:

o Very verbose
0 Hard to enter by hand
0 Takesup alot more space
0 No binary representation

o No semantics
0 Tagsno meaning, so it iseasy to get confused
0 For example, | used the <segq> tagtorefer toa DNA
sequence. What if your program used it torefer toa
protein sequence?
o www.bioxml.org (GAME proj ect)
0 Developing a collection of dtds (schema) for bio data
0 Ascloseto astandard aswe haveat this point

_Case”

Hands-On Exercise:

Extending blast-1.pl

_Case”
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Theresultsreturned by blast-1.pl are not
easlly interpreted.

[ Modify blast-1.pl so that the blast resultsare

printed in an XML format.

|

~ N A
Novice Experienced
Programmers Programmers
Start with Start with
blast-1b.pl blast-1.pl
\_ O /
L5 |-
Discussion:
How many of you choose the same
tags?
L5 |-
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Conclusions

Other issuesto consider:

e Security
0 Physical
0 Cryptography

« Social aspects
0 Managers
0 Support

e Legal issues

o Ethical issues

L

O O

O O

Password
Firewalls

Funding
People
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What you should remember

« Building a scalableinfrastructureishard.

o Every decision you make hasimplications on
scalability.

« Beasflexibleaspossiblein your design.
o Usearelational database.

« Useexisting softwar e where appropriate.

_Case”

What | tried to do:

« Giveyou a basic idea of how design decisions at all
levels impact the scalability of the entire system.

o Exposeyou tothe basic toolsthat you will need if
you pur sue bioinfor matics further.

Convinceyou that building a scalable
bioinformaticsinfrastructureisnot easy.

_Case”
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For mor e information:

« Web
0 http://evol.nott.ac.uk/cmelun/links.html

0 http://www.hgmp.mrc.ac.uk/CCP11/
0 http://merlin.mbcr.bem.tmc.edu:8001/bed/Curric/welcome.html

4 UC Berkley Extension Classes )

Bioinformatics I nfrastructure Design
Programming for Bioinfor matics

\ Tom Slezak /

ose

Homework due 5:00 Friday.

o E-mail to critchlow@IInl.gov
0 Just plain text, no word attachments please

A written report (100%) that provides:
* A definition of a scalableinfrastructure
* use at least two examplesto highlight systemsthat are not scalablein different ways
* A detailed discussion of a bioinfor matics problem where scalable infrastructuresare
needed. Make sureto address:
* why thisisa problem worth solving
* what makesthis a challenging problem
* why scalability isamajor hurdleto addressing this problem
* the major components of this problem
* limitations of current systems
* How you would address this problem and why, including:
* what toolsyou would use (and why)
* how you would combine/integr ate the problem’s different components
* why this approach is scalable

If you are familiar with an example that was not presented in class, please fed freeto useit.

e
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Discussion:

Questions/ Comments?

_case”
This work was performed under the auspices of the U.S.
Department of Energy by University of California Lawrence
Livermore National Laboratory under contract No. W-7405-
ENG-48.
_case”
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